Sternal Wound Infections by M. Salih, A/Wahid
  
  
Graduate College 
 
Medical & Health Studies Board  
  
 
  
Sternal Wound Infections  
  
 
 
  
  
  
By    
  
Dr. A/Wahid M. Salih  
M.B.Ch.B  
Salahaddin University / Iraq  
 
1998  
  
  
  
  
  
A thesis submitted in partial fulfillment for the requirements of the the degree of 
Clinical MD in General Surgery  
  
August 2005  
  
 
 
 
  
Supervisor  
  
Mr. Ahmed ElSayed  
MBBS, FRCSED, FRCSED (cth)  
Cardiothoracic Surgeon  
Sudan Heart Center 
 
 
 
 
 
 
 
  
List of contents 
 
  Page 
 Dedication i 
 
Acknowledgement ii 
 
Abstract iii 
 Arabic abstract v  
 List of tables    
viii 
 List of figures X 
 List of abbreviations xi 
 
Chapter one 
Introduction and literature review 
 
 
1 
 
Chapter two 
Materials and method 
 
 
8 
 
Chapter three 
Result 
 
 
16 
 Tables and Figures 24 
Chapter four 
Discussion 
Conclusion 
Recommendations 
  
 
 
46 
49 
50 
  
References 51 
 
 
 
 
Dedication 
 
To: 
 
Those who 
brought me up. 
Those who taught me 
“la ilaha illa 
Alla” 
Those who supported 
me 
to come and 
to stay in Sudan 
 
 
 
 
 
 
Acknowledgement 
 
“All the praises and thanks be to Allah 
the Lord Almighty” 
 
I would like to express my greatest thanks to my supervisor 
Mr.Ahmed ElSayed for his timely corrections and his critical 
suggestions as well as his continuous encouragement and tireless 
supervision of this work. 
Also to Dr. Shahrayar Mamand Tahir - my friend junior physician 
- who taught me steps of writing a thesis and analyzing data and 
backed me up throughout this work. 
I can not give enough thanks to Mr. Salah (General Surgeon in 
SHC) who offered his help to collect the data and study analysis. 
My gratitude is forwarded to the staff of Sudan Heart Centre. 
 
 
 
ABSTRACT 
BACKGROUND:  Infections of sternal wounds after cardiac surgery occur 
infrequently but when they do they contribute substantially to morbidity and 
mortality.  
 
OBJECTIVE: To determined risk factors for deep and superficial sternal 
wound infections and to plan prophylactic measures for high risk patients in 
order to reduce the incidence of infection. 
 
SETTING: Department of Cardiothoracic Surgery, Sudan Heart Centre, 
Khartoum, Sudan.   
 
PATIENTS: Cardiac surgery patients 104 between January 1 and June 30, 
2005   who survived at least one month after the operation. 
 
 
METHODS: The rate of sternal wound infection was analyzed (based on 
clinical diagnosis without bacteriological investigation) among patients 
having cardiac surgery. Operation data were collected from the operative 
computer database, patient’s files and the cardiopulmonary and scrub nurse 
documents. The existence of infection was confirmed by examining the 
patients in the outpatient clinic and surgical wards, contacting them by 
telephone, as well as information from the medical staff-doctors and 
dressing nurses, reviewing their files and discharge cards. We compared 
patients having sternal wound infection during the study period (case-
patients) with patients who had surgery within the same period but no sternal 
infection (control-patients). We used SPSS version10 to analyze the data to 
identify independent risk factors associated with post-operative sternal 
wound infection. 
RESULTS: Within the period of 6months, a total of 104 patients (61 male 
59%, 43 female 41%) operation were done. Their age groups were:  
pediatric (< 18 years): 33 (31.73%), adults (18-60 years): 56 (53.85%), and 
elderly (> 60 years):  15 (14.42%). 
Among those 27 patients (25.96%) underwent coronary artery bypass 
grafting (CABG), 46 patients (44.23%) underwent valve replacement, 28 
patients (26.92%) underwent repair of congenital heart defects. 
     Sternal wound infections were diagnosed in 22.16% of the patients (23 of 
104). Superficial sternal wound complications occurred in 14 (13.5%) and 
deep sternal infections in 9 (8.65%). No death was noted in the study period. 
     The results of the analysis found that the risk index of sternal wound 
infection included both; obesity (BMI > 30) and underweight (BMI < 15) 
(rate of infection were 50% and 30% respectively) (p = 0.051). 
    Rate of infection in Pediatric age group (27%) was slightly higher than 
elderly (13%) & adult (21%). 
   Rate of infection in females was 23% and in males 21%. 
   Operation for I.H.D had a rate of 29.6% if compared to valvular (21.7%) 
and congenital heart disease (17.9%) and redo surgery (75%).  
   The surgical staffs such as surgeons, assistants and scrub nurses were also 
analyzed for risk of infection, and three of them had a higher rate of 
infection.  
   Rate of infection in cardiopulmonary bypass time longer than four hours 
was (50%) whereas it was 12% and 7% in the first two hours and second two 
hours respectively. The hemoglobin values during bypass <11g/d had a 
26.9% rate and >14 g/d had a 39.1% rate. 
   Arterial pressure of > 80 mmHg had a 25% rate. In analyzing the partial 
pressure of oxygen (PO2) during bypass the rate of infections increased 
progressively as the PO2 increased which was statistically  significant  (p = 
0.03). When dividing the PO2 data to <110, 110-220, 221-330, 331-440 & 
>440 the incidence of infection was zero, zero, 25%, 34.4% & 33.3% 
respectively. This was statistically significant (p = 0.003). 
Conclusion: After open-heart surgery the occurrence of wound infection 
remains a serious problem, certain risk factors were statistically significant 
in determining the rate of infection of which Body Mass Index, Redo 
(reoperation) surgery, PO2, duration of bypass and hemoglobin were the 
most significant. By modification-when possible- for such risk factors 
infection can be reduced. This is less costly than treatment and potentially 
live saving. 
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 ﺍﻟﻤﺭﻀﻰ ﺍﻟﺫﻴﻥ ﻋﺎﻨﻭﺍ ﻤﻥ ﺍﻟﺘﻬﺎﺒﺎﺕ ﺒﺠﺭﻭﺡ ﺍﻟﻘﺹ ﺃﺠﺭﻴﺕ ﻤﻘﺎﺭﻨﻪ ﻤﺎ ﺒﻴﻥ. ﻭﻜﺭﻭﺕ ﺨﺭﻭﺝ ﺍﻟﻤﺭﻀﻰ
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 ﺨﻼل ﻓﺘﺭﺓ ﺍﻷﺸﻬﺭ ﺍﻟﺴﺘﺔ ﺒﻠﻎ ﺇﺠﻤﺎﻟﻲ ﻋﺩﺩ ﺍﻟﻤﺭﻀﻰ ﺍﻟﺫﻴﻥ ﺃﺠﺭﻴﺕ ﻟﻬﻡ ﻋﻤﻠﻴﺎﺕ ﺠﺭﺍﺤﻴﺔ :اﻟﻨﺘﺎﺋﺞ
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ﺍﻟﺠﺭﻭﺡ  . 401ﻤﺭﻴﺽ ﻤﻥ ﺃﺼل  %( 61.22 )32ﺘﻡ ﺘﺸﺨﻴﺹ ﺤﺩﻭﺙ ﺍﻟﺘﻬﺎﺒﺎﺕ ﺒﺠﺭﻭﺡ ﺍﻟﻘﺹ  ﻓﻲ 
 9، ﺃﻤﺎ ﺍﻻﻟﺘﻬﺎﺒﺎﺕ ﺍﻟﻌﻤﻴﻘﺔ ﻓﻘﺩ ﺤﺩﺜﺕ ﻓﻲ  %(5.31) ﻤﺭﻴﺽ 41ﺫﺍﺕ ﺍﻻﻟﺘﻬﺎﺒﺎﺕ ﺍﻟﺴﻁﺤﻴﺔ ﻓﻲ 
  .ﻭﻟﻡ ﺘﺴﺠل ﺤﺎﻟﻪ ﻭﻓﺎﺓ ﻓﻲ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ %( 56.8)ﻤﺭﻀﻰ 
ﺘﺤﻠﻴل ﺍﻟﺒﻴﺎﻨﺎﺕ ﺃﻥ ﻤﺅﺸﺭﺍﺕ ﺍﻟﺨﻁﻭﺭﻩ ﻓﻲ ﺤﺩﻭﺙ ﺍﻟﺘﻬﺎﺒﺎﺕ ﺠﺭﻭﺡ ﺍﻟﻘﺹ ﺘﺸﻤل ﺍﻟﺴﻤﻨﺔ ﺒﻴﻨﺕ ﻨﺘﺎﺌﺞ 
ﺤﻴﺙ ﺒﻠﻐﺕ ﻨﺴﺒﻪ ﺤﺩﻭﺙ ( 51ﺒﻴﺎﻥ ﻜﺘﻠﻪ ﺍ ﻟﺠﺴﻡ ﺃﻗل ﻤﻥ )ﻭﺍﻟﻨﺤﺎﻓﺔ ( 03ﺒﻴﺎﻥ ﻜﺘﻠﻪ ﺍﻟﺠﺴﻡ ﺃﻜﺜﺭ ﻤﻥ )
   (.150.0ﻗﻴﻤﻪ ﺏ ) ﻋﻠﻰ ﺍ ﻟﺘﻭﺍ ﻟﻲ   % 03ﻭ  % 05ﺍﻻﻟﺘﻬﺎﺒﺎﺕ 
 %( 12) ﺒﺯﻴﺎﺩﺓ ﻁﻔﻴﻔﺔ ﻋﻥ ﺍ ﻟﺒﺎﻟﻐﻴﻥ  %( 72)ل ﺒﻠﻐﺕ ﻨﺴﺒﻪ ﺤﺩﻭﺙ ﺍﻟﺘﻬﺎﺒﺎﺕ ﺠﺭﻭﺡ ﺍ ﻟﻘﺹ ﺒﺎﻷﻁﻔﺎ
 %(. 12)ﻭﺍﻟﺫﻜﻭﺭ  %( 32)ﻜﺎﻨﺕ ﻨﺴﺒﻪ ﺤﺩﻭﺙ ﺍﻟﺘﻬﺎﺒﺎﺕ ﺍﻟﻘﺹ ﻓﻲ ﺍﻹﻨﺎﺙ  %(. 31)ﻭﺍﻟﻤﺴﻨﻴﻥ 
ﺒﻌﻤﻠﻴﺎﺕ ﺍ " ﻤﻘﺎﺭﻨﺔ %( 6.92)ﺒﻠﻐﺕ ﻨﺴﺒﻪ ﺍﻟﻌﻤﻠﻴﺎﺕ ﺍﻟﺘﻲ ﺃﺠﺭﻴﺕ ﻟﻌﻼﺝ ﺃﻤﺭﺍﺽ ﺍﻟﻘﻠﺏ ﺍﻻﺤﺘﺸﺎﺌﻴﻪ 
ﻭﺍﻟﻌﻤﻠﻴﺎﺕ  %( 9.71)ﺎﺕ ﺍﻟﺨﻠﻘﻴﺔ ﺒﺎﻟﻘﻠﺏ ، ﻋﻤﻠﻴﺎ ﺕ ﺇﺼﻼﺡ ﺍﻟﺘﺸﻭﻫ %(6.12)ﺴﺘﺒﺩﺍل ﺍﻟﺼﻤﺎﻤﺎﺕ ﺕ 
   %(.57) ﺍﻟﺘﻲ ﺃﺠﺭﻴﺕ ﻟﻠﻤﺭﺓ ﺍﻟﺜﺎﻨﻴﺔ 
ﺸﻤﻠﺕ ﺍﻟﺩﺭﺍﺴﺔ ﻓﺤﺹ ﺍﻟﻔﺭﻴﻕ ﺍﻟﻁﺒﻲ ﺍﻟﻤﻌﺎﻟﺞ ﻤﻥ ﺠﺭﺍﺤﻴﻥ، ﻤﺴﺎﻋﺩﻴﻥ ﻭ ﻤﺤﻀﺭﻱ ﻋﻤﻠﻴﺎ ﺕ ﻻﺴﺘﻘﺼﺎﺀ 
  .ﻭﺠﻭﺩ ﺍﻟﺘﻬﺎﺒﺎﺕ ﺒﻴﻨﻬﻡ ﻭﻗﺩ ﺘﺒﻴﻥ ﺃﻥ  ﻋﻤﻠﻴﺎﺕ ﺜﻼﺜﺔ ﻤﻨﻬﻡ  ﻴﺤﻤل ﻨﺴﺒﻪ ﻤﻌﺩﻻﺕ ﻤﺭﺘﻔﻌﻪ ﻤﻥ ﺍﻻﻟﺘﻬﺎﺒﺎﺕ
ﺕ ﺠﺭﻭﺡ ﺍ ﻟﻘﺹ ﻓﻲ ﺍﻟﻌﻤﻠﻴﺎﺕ ﺍﻟﺘﻲ ﺘﻡ ﻓﻴﻬﺎ ﺘﻐﻴﻴﺭ ﻤﺠﺭﻯ ﺍﻟﺩﻭﺭﺓ ﺍﻟﺩﻤﻭﻴﺔ ﻤﻥ ﺍﻟﻘﻠﺏ ﻤﻌﺩل ﺍﻟﺘﻬﺎﺒﺎ
 21)ﻴﻨﻤﺎ ﺒﻠﻐﺕ ﺒ %( 05) ﺴﺎﻋﺎﺕ 4ﻭﺍﻟﺭﺌﺔ ﻜﺎﻨﺕ ﻤﺭﺘﻔﻌﻪ ﻓﻲ ﺘﻠﻙ ﺍﻟﻌﻤﻠﻴﺎﺕ ﺍﻟﺘﻲ ﺍﺴﺘﻐﺭﻗﺕ ﺃﻜﺭﻤﻥ 
ﺘﺒﻴﻥ ﻤﻥ ﺍﻟﻨﺘﺎﺌﺞ ﺃﻨﻪ ﻋﻨﺩﻤﺎ . ﺍﻟﺴﺎﻋﺘﻴﻥ ﺍﻷﻭﻟﻴﺘﻴﻥ ﺜﻡ ﺍ ﻟﺴﺎﻋﺘﻴﻥ ﺍﻟﺜﺎﻨﻴﺘﻴﻥ ﻋﻠﻰ ﺍﻟﺘﻭﺍﻟﻲﻓﻲ  %( 7)ﻭ %( 
 9.62)ﺩﺴل ﺘﺒﻠﻎ ﻨﺴﺒﻪ ﺤﺩﻭﺙ    ﺍﻻﻟﺘﻬﺎﺒﺎﺕ / ﺠﻡ11 ﻨﺴﺒﻪ ﺍﻟﻬﻤﻭﻗﻠﻭﺒﻴﻥ ﺃﺜﻨﺎﺀ ﺍﻟﻌﻤﻠﻴﺔ ﺃ ﻗل ﻤﻥ ﺘﻜﻭﻥ
  .ﺩﺴل /   ﺠﻡ41ﻋﻨﺩﻤﺎ ﻴﻜﻭﻥ ﺍﻟﻬﻴﻤﻭﻗﻠﻭﺒﻴﻥ ﺍﻜﺜﺭ ﻤﻥ  %( 1.93)ﺒﻴﻨﻤﺎ ﺘﺒﻠﻎ %( 
 ﻤﻠﻡ 08ﻋﻨﺩﻤﺎ ﻜﺎﻥ ﻀﻐﻁ ﺍﻟﺸﺭﺍﻴﻴﻥ ﺃﻜﺜﺭ ﻤﻥ  %(  52)ﺒﻠﻎ ﻤﻌﺩ ل ﺤﺩﻭﺙ ﺍﻟﺘﻬﺎﺒﺎﺕ ﺠﺭﻭﺡ ﺍ ﻟﻘﺹ 
ﻠﻭﻤﺎﺕ ﺃﻥ ﻨﺴﺒﻪ ﺤﺩﻭﺙ ﺍﻻﻟﺘﻬﺎﺒﺎﺕ  ﺘﺯﺩﺍﺩ ﺒﺯﻴﺎﺩﺓ ﺍﻟﻀﻐﻁ ﺍﻟﺠﺯﺌﻲ ﻟﻸﻜﺴﺠﻴﻥ ﺃﻅﻬﺭ ﺘﺤﻠﻴل ﺍﻟﻤﻌ. ﺯﺌﺒﻕ
ﻋﻨﺩ ﺘﻘﺴﻴﻡ ﻗﻴﻡ ﺍﻟﻀﻐﻁ ﺍﻟﺠﺯﺌﻲ ﻟﻸﻜﺴﺠﻴﻥ ﻋﻠﻰ ﺍﻟﻨﺤﻭ  . 30.0ﺏﺒﺼﻭﺭﺓ ﻤﻁﺭﺩﺓ ﺤﻴﺙ ﺒﻠﻐﺕ ﻗﻴﻤﻪ 
 ﺒﻠﻐﺕ ﻨﺴﺒﻪ ﺤﺩﻭﺙ 044ﺃﻜﺜﺭ ﻤﻥ  / 044-133 / 033-122 / 022-011 / 011ﺃ ﻗل ﻤﻥ : ﺍﻟﺘﺎﻟﻲ
ﻋﻠﻰ ﺍ ﻟﺘﻭﺍﻟﻲ ﺤﻴﺙ ﺒﻠﻐﺕ ﻗﻴﻤﻪ ﺏ  % 3.33،  %4.43،  %52ﺼﻔﺭ، ﺼﻔﺭ، : ﺍﻻﻟﺘﻬﺎﺒﺎﺕ ﻜﺎﻟﺘﺎﻟﻲ 
   .300.0
ﺘﻤﺜل ﺕ ﺍﻟﻘﻠﺏ ﺍﻟﻤﻔﺘﻭﺤﺔ ﻋﻠﻰ ﺍﻟﺭﻏﻡ ﻤﻥ ﺃﻥ ﺤﺩﻭﺙ ﺍﻟﺘﻬﺎﺒﺎﺕ ﺠﺭﻭﺡ ﺍﻟﻘﺹ ﺒﻌﺩ ﻋﻤﻠﻴﺎ: ا ﻟﻤﺤﺼﻠﻪ
ﻤل ﻟﻌﻭﺍﻤل ﻗﺩ ﺃ ﺜﺒﺘﺕ ﺃﻫﻤﻴﺘﻬﺎ ﺇﺤﺼﺎﺌﻴﺎ ﻓﻲ ﺇﺤﺩﺍﺙ ﺍﻻﻟﺘﻬﺎﺏ ﺒﺎﺕ  ﻭﺘﺸﻤﺸﻜﻠﻪ ﻤﺴﺘﻤﺭﺓ ﺇﻻ ﺃﻥ ﺒﻌﺽ ﺍ
ﻥ ﺍﻟﻤﺴﺘﻐﺭﻕ ﻲ ﺘﺠﺭﻯ ﻟﻠﻤﺭﺓ ﺍ ﻟﺜﺎﻨﻴﻪ،ﺍ ﻟﻀﻐﻁ ﺍﻟﺠﺯﺌﻲ ﻟﻸﻜﺴﺠﻴﻥ، ﺍﻟﺯﻤﻟﺘﺒﻴﺎﻥ ﻜﺘﻠﻪ ﺍﻟﺠﺴﻡ ، ﺍﻟﻌﻤﻠﻴﺎﺕ ﺍ
ﻨﺴﺒﻪ ﻭ  ﺍﻟﺩﻤﻭﻴﺔ ﻤﻥ ﺍﻟﻘﻠﺏ ﻭ ﺍﻟﺭﺌﺔ،ﻟﺘﻲ ﺘﺴﺘﻠﺯﻡ ﺘﺤﻭﻴل ﻤﺠﺭﻯ ﺍﻟﺩﻭﺭﺓﻋﻨﺩ ﺇﺠﺭﺍﺀ ﺍﻟﻌﻤﻠﻴﺎﺕ ﺍ
ﺒﻤﻌﺎﻟﺠﻪ ﻫﺫﻩ ﺍﻟﻌﻭﺍﻤل ﻨﺄﻤل ﺒﺘﻘﻠﻴل ﻨﺴﺒﻪ ﺤﺩﻭﺙ ﺍﻟﺘﻬﺎﺒﺎﺕ ﺠﺭﻭﺡ ﺍ ﻟﻘﺹ ، ﻓﺎﻟﻭﻗﺎﻴﺔ ﺃ ﻗل . ﺍﻟﻬﻴﻤﻭﻗﻠﻭﺒﻴﻥ
    . ﻟﻭﻗﺕ ﺃﻗل ﻓﻲ ﻋﺩﺩ ﺍﻟﻭﻓﻴﺎﺕﺍ ﺫﺍﺕ ﻤﻥ ﺍ ﻟﻌﻼﺝ ﻭ ﻓﻲ" ﺘﻜﻠﻔﺔ
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              Introduction and literature review 
 
The median sternal incision was first advocated by Julian and 
associates in 1957,i and is currently the standard incision for 
surgery of the heart and great vessels. However, patients who 
undergo median sternal incisions continue to suffer morbidity and 
death from sternal wound complications.ii 
Sternal wound infections can be a severe complication 
associated with a marked increase in short- iii, iv and long-term v 
mortality following coronary artery bypass graft (CABG) surgery. 
The reported rate of sternal wound infection can range between 1 
and 10% 3, 4, vi, vii, viii and mediastinitis can occur in up to 8% of 
patients ix.The variation in rate between studies is probably partly 
due to differences in classifications and partly to differences in 
surgical procedures and the mode of follow-up. Deep infections 
(mediastinitis and sternumosteitis) cause high morbidity, with a 
prolonged hospital stay and an increased cost of care. The reported 
mortality rate for patients with deep sternal infections ranges from 
9.8 to 14% in different studies 5,x,8. The costs for patients with 
sternal wound complications have been estimated to be 2.8 times 
that for patients with uncomplicated postoperative courses 11. 
The exact mechanism by which DSWI develops is not fully 
understood and is thought to be multifactorial. However, many risk 
factors have been identified as independent predictors for DSWI 
following CABG, which include preoperative (eg, obesity, diabetes 
mellitus, COPD, reoperation, connective tissue disease, steroids 
use, smoking, peripheral vascular disease [PVD], renal 
insufficiency, male sex), intraoperative (eg, use of bilateral internal 
thoracic arteries [BITA], antibiotic prophylaxis, operation time), and 
postoperative variables (eg, prolonged mechanical ventilation, re-
exploration for bleeding, postoperative transfusions, and renal and 
pulmonary complications).xi,8, 10,xii,xiii,4,xiv,xv 
Surgical site infections complicating CABG procedures are 
significant in terms of morbidity, mortality, and economic 
impact.xvi,xvii,xviii,xix,xx Host risk factors contributing to the risk of chest 
surgical site infections have been described extensively in the 
literature and include obesity, diabetes mellitus, use of internal 
mammary artery grafts (especially when bilateral), advanced age, 
male gender, COPD, smoking, prolonged mechanical ventilation, 
steroids, and preoperative hospital stay > 5 days. Surgical risk 
factors include duration of surgery and perfusion time, use of an 
intra-aortic balloon pump, postoperative bleeding, reoperation, 
sternal rewiring, extensive electrocautery, shaving with razors, and 
use of bone waxxxi, 18, 15  
Readmission, prolonged treatment with antibiotics, sternal 
debridement, flap closure of the chest, and death are consequences 
of deep chest surgical site infections 15, 18, xxii 
Superficial wound infection can be managed by topical treatment, 
with delayed secondary healing, using irrigation of disinfectant 
agents and gauze packing. Alternatively, surgical treatment consists 
of extensive debridement and primary skin closure.  
Median sternotomy is used to approach thoracic organs in most 
cardiac surgery procedures. Superficial wound dehiscence (SWD) 
after midline sternotomy is considered a minor complication in 
cardiac surgery, although it is quite frequent,xxiii and requires 
prolonged medical treatment. Moreover, nonhealed, aseptic wounds 
might experience superimposed infection. This is especially 
common in patients with diabetes mellitus or other unfavorable 
conditions, such as malnutrition, obesity, or reduced immune 
response. These concomitant factors increase patient's risk for 
possible extension to mediastinal sepsis (and involvement of 
mediastinal organs and prosthetic material).  
 Several studies have examined and identified possible causes 
and risk factors associated with sternal infections. They include 
patient-related risk factors such as age, gender, obesity, diabetes 
mellitus, and chronic obstructive pulmonary disease (COPD), and 
procedure-related factors such as prolonged preoperative stay, 
duration of surgery, use of bilateral mammary grafts, re-operation 
for control of bleeding, and the need for repeated blood 
transfusionsxxiv, 5, 10, 8, 7 15, xxv, 18 , xxvi. 
The pathogens causing postoperative infections have also been 
reported, the most common of which are Coagulase-negative 
staphylococci and Staphylococcus aureus. Since the onset of a 
sternal wound infection is often late (weeks to months) and starts 
after the patient has left the hospital, a long-term follow-up is 
necessary. The patients themselves and the referring physicians in 
the region need to get involved in the assessment of sternal wound 
complications to improve surveillance. Analysis of risk factors 
enables risk assessment of both individual patients and patient 
groups, and thus makes it possible to improve routines in order to 
take more effective preventive and control measures25,18 ,xxvii,xxviii 
Therapeutic options include debridement with early or delayed 
closure, closed continuous irrigation, and partial or complete 
sternectomy with flap reconstruction. Therapeutic options include 
debridement with early or delayed closure, closed continuous 
irrigation, and partial or complete sternectomy with flap 
reconstruction. Superficial wound dehiscence can be managed by 
topical treatment, with delayed secondary healing, using irrigation of 
disinfectant agents and gauze packing. Alternatively, surgical 
treatment consists of extensive debridement and primary skin 
closure.  
The most common material used for closure of median sternal 
wound incision is steel suture in open heart surgery. Some 
complications and disadvantages have been investigated recently. 
These complications are the breaking down of steel suture, erosion 
of sternum tabulae especially in osteoporotic patients, erosion of the 
dermis especially in patients with thin sub dermal layer. Another 
disadvantage of steel suture material is cosmetic problems or 
discomfort. 
Deep sternal wound infections in children and neonates occur at 
approximately the same rate as in adults. The organisms 
responsible are generally staphylococcal species. In children the 
risk factors include leaving the sternum open following repair, nasal 
colonization with Staphylococcal species, need for re-exploration for 
bleeding, and others. xxix 
Previous studies of the cost of surgical site infections have 
produced varying estimates.xxx,xxxi,xxxii,xxxiii  The cost of surgical site 
infection following CABG surgery was estimated to be $886 in 1975 
dollars by Pinner and colleagues and to be $5845 in 1982 dollars by 
Nelson and Dries.34 More recently, the cost of surgical site infection 
was estimated by Haley to range from $2,734 to $26,019 in 1985 
dollars, 16xxxiv to be $13,160 in 1986 dollars by Boyce and 
colleagues35 and to be $3,937 in 1991 dollars by Zoutman and 
colleagues. Few recent studies have focused specifically on the 
economic impact of CABG-related surgical site infections. 
OBJECTIVES 
 The purpose of this study was to determine wound infections 
risk factors from patients’ personal and operation data. 
 As nothing has been published in Sudan-as far as we know- 
about wound related complications of cardiac surgery.  
This study also aimed to find out the rate of sternal wound 
infection following median sternal wound at Sudan Heart Centre. 
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Materials and Methods 
2.1. Preoperative preparation and assessment: 
 The patients were hospitalized prior to the operation no longer 
than 48 hours .All patients underwent a routine preoperative 
protocol including several laboratory and diagnostic investigations. 
The preoperative check list included:   Clerking, Height, Weight, Hb, 
TWBC, Platelets, Urea, Electrolytes, INR, Creatinine,  Bilirubin , 
ECG, Vital Signs , CXR, Echocardiography, Catheter(Females were 
catheterized in the ward ,whereas males in the theatre),Consent , 
LMP , Blood Group , Blood Preparation , Screening For HBV (B &C) 
,HIV &  Fasting . 
The operative site was routinely shaved in the theatre just before 
surgery.  
3.2. Operative: 
  Surgeons involved in the study applied a standard operative 
protocol. (Apart from the visitors) The operative field was painted 
with povidone-iodine solution and the skin was covered with an 
iodoform-impregnated adhesive plastic sheet. The skin was incised 
with a scalpel and electrocautery was used to open the presternal 
layers and pericardium. Bone wax was used only if sternal bleeding 
was profuse. Cardiopulmonary bypass was established with 
moderate to mild systemic hypothermia (31°C), and a mean systolic 
pressure of 96 mmHg and a PO2 of 307 mmHg. Internal thoracic 
arteries were harvested as pedicled in situ grafts when used for 
coronary bypass. Sump drains were placed in the mediastinum, and 
chest tubes were inserted into the pleural spaces if opened. Sternal 
closure was done using stainless steel wires  at 4 sites in a figure of 
8 configuration (one of them through the manubrium and the 
remaining three wires through the body of the sternum) The wire 
sutures were coapted by manual twisting without using a special 
approximator. Muscles were coapted by single absorbable sutures. 
The presternal space was obliterated with two layers of absorbable 
suture (The subcutaneous tissue was tightened by continuous 
stitches of absorbable sutures) and the skin was closed with a 
subcuticular absorbable suture. 
   Antibiotic prophylaxis was given every 12 h on the day of 
operation (Cetazidime1gm) and until the invasive lines were 
removed. Imipenem was substituted in case of allergy to 
cephalosporines or in severe infection. 
3.3. Postoperative management 
   All the Patients were kept in ITU on mechanical ventilation, 
invasive monitoring, cardiac-supporting drugs and IV antibiotic 
(Cetazidime). 
. Patients were extubated when they were hemodynamically 
stable, normothermic, and ventilating spontaneously. All drains were 
removed the morning after operation or when drainage was nil for 
several hours. 
  On the first postoperative day all the patients had all the 
relevant investigations such as ;HB,TWBC, Platelet count, Renal 
function test, Liver function test, PT, PTT, INR, CXR, ECG. 
Before transfer to the ward all patients had all their lines 
removed. 
   If infection was suspected empirical potent antibiotics were 
given for a longer time depending on the most likely site of infection 
and organism. 
 
3.4. Infection surveillance: 
    In order to catch all sternal wound complications during the 
study period. Criteria for defining and reporting surgical site 
infections were published in evidence-based guidelines by the 
Centers for Disease Control and Prevention (CDC) in 1999 [xxxv]. 
Briefly, superficial surgical site infection involved only skin or 
subcutaneous tissues whilst deep surgical site infection involved 
deep soft tissues (fascial and muscle layers), and organ/space. 
 In addition, superficial infection must include at least one of the 
following: (1) presence of purulent drainage; (2) isolation of an 
organism from the incision; (3) presence of at least one of the 
following symptoms: tenderness, swelling, redness, or heat; and the 
incision is opened by the surgeon; or (4) diagnosis by the surgeon 
or attending physician. 
     Deep infection must meet the following criteria, according to 
the criteria  which were published in evidence-based guidelines by 
the Centers for Disease Control and Prevention (CDC) in 1999 35.: 
Infection occurs within 30 days after the operative procedure, 
infection involves deep soft tissue of the incision and at least one of 
the following is present: (1) purulent drainage from the deep 
incision; (2) deep incision that spontaneously dehisces or is 
deliberately opened by a surgeon when the patient is showing at 
least one of the following signs or symptoms: raised body 
temperature (> 38°C), localized pain, or tenderness, unless culture 
of the incision is negative; (3) Abscess or other evidence of infection 
involving the deep incision is found on direct examination, during 
reoperation, or by histopathology or radiology examination; and (4) 
diagnosis of deep surgical site infections is made by a surgeon or 
attending physician. Mediastinitis was defined as deep surgical site 
infections including the mediastinal area.  
3.5  Risk Factors: 
 The following Personal and Operative factors were suspected to be 
relevant to the sternal wound complications:  
1- Personal Factors:  
• Age groups.  
• Sex 
• Body Mass Index  
• Blood groups.  
• Redo surgery. 
• Indications for operations. 
2- Operative factors: these were subdivided into: 
A- Operating staff: 
• Surgeons 
• Assistants  
• Scrub Nurses 
b-  Factors related to cardiopulmonary bypass: 
•  Duration and the time of the bypass 
•  Arterial Pressure 
•  Partial Pressure of Oxygen (PO2) 
•  Temperature  
•  Hemoglobin (Hb). 
3.6 Data collections: 
  The rate of sternal wound infection was compared among 
patients having cardiac surgery. Data were collected from the 
operative computer database, patients’ files and the cardiopulmonary 
and scrub nurse. The occurrence of infection was confirmed by 
examining the patients in the outpatient clinic and surgical wards, 
contacting them by telephone, as well as information from the 
medical staff-doctors and nurses, reviewing their files and discharge 
cards. The patients having sternal wound infection during the study 
period (case-patients) were compared with patients who had surgery 
within the same period but no sternal infection (control-patients).  
 
3.7  Statistical Analysis   
  SPSS (Version 10.0) was used. Data were put to an SPSS data 
sheet and further analysis was done by the computer analysis pack to 
identify independent risk factors associated with post-operative 
sternal wound infection. 
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RESULTS 
3.1. Study population: 
     Within the observation period of 6 months the total number of 
cases done was 154.A total of 104 (68%) patients were enrolled in 
this study- the others were uncontactable at the time of the study. Of 
the studied population there were 61males(59%)  and 43females 
(41%).The  age groups were divided into  :  pediatric ( < 18 years ): 
33 (32%), adults ( 18-60 years): 56 (54%) , and elderly ( > 60 years) :  
15 (14%) 
Among these 104 patients: 27 patients (26%) underwent coronary 
artery bypass grafting (CABG), 46 patients (44%) underwent valve 
replacement, 28 patients (27%) underwent repair of congenital heart 
disease  and only  three patients underwent  other cardiac surgery 
procedures.  
       All apart from four were new cases (i.e. no previous sternotomy) 
.The mean values of body mass index (BMI) was (19.87), 
intraoperative temp (31 C), arterial pressure (AP) (96.36) mmHg, 
bypass time (154) min, partial pressure of oxygen (pO2) (308) mmhg 
– see (Table1)  
3.2. Rate of superficial sternal wound complications and 
deep sternal infections: 
    Of the 104 patients studied, sternal wound infections developed in 
23 (22.11%). Superficial sternal wound complications occurred in 14 
(13.46%) and deep sternal infections in nine (8.65%). (Fig1) The 
patient characteristics and surgical data for patients with sternal 
wound infections (case) are summarized and compared with data for 
patients without sternal wound infections (control). 
  The rate of infection increased significantly in the last two months 
(May& June) with significant (p =0.003) as compared to the other four 
months (January, February, March and April). This was specially so 
in May with percentage of infection from 12.5% in April to reach 
42.9% in May and continue to be high in June. 
It is noteworthy to mention some important changes that happened 
during the last two months (May& June) in the SHC: 
Two visitor teams from USA and Russia who increased crowd ness 
both in the theatre and ITU. 
Changing of both security company- who controls entrance and exit 
of the peoples- and cleaning company. 
Lack of iodine for scrubbing.  
   (Table 2, 3, 4, 5, 6 and Fig. 2). 
3.3. Analysis of the risk factors: 
      We considered two important factors (personal & operative) 
as significant causes of infections:                         
3.3.1. The personal factors:     
 Included age and age group, body mass index, sex, blood 
group, the cause for which the operation has been undertaken and 
redo. 
.   Regarding these the most important factor was Body Mass 
Index in which both obesity (BMI > 30) and underweight (BMI < 15) 
were with significant rates of infections (50% and 30%) respectively 
(p = 0.051). as compared to normal one (BMI) (Table 7, 8 and Fig. 
3).                          
 Among other personal factors in the age groups we found 
slightly higher rate of complications in pediatric (27%) being slightly 
higher than geriatric (13%) & adult (21%).  (Table 9 and Fig.4)  
Regarding the sex in our study there was no difference 
concerning infections between males (21%) and females (23%). 
(Table 10 and Fig 5). 
    The cause for which the operation was done contributed more 
or less by itself or by association with cofactors for example. 
Operation for I.H.D was associated with higher rate of infections 
(29.6%) if compared to valvular (21.7%) whereas for congenital 
heart disease (17.9%) only.  (Table 11 and Fig.6).    
      It is noteworthy to mention although we have just four cases 
of redo (reoperation) surgery three of them (75%) {a significant  
chi-square (p =0.035 )}  developed infections. Fortunately only one 
of these had a deep infection.  (Table 12, 13) 
   We also attempted to find a relation –if it exists- between blood 
group (BG) and the rate of infections, but in this study we didn’t 
observe any relation. Absence of complications in the negative BG 
is most probably due to its small number.  (Table 14). 
3.3.2. Operative factors: 
We subdivided the operative factors to: 
A- Operating staff. 
b- Factors related to cardiopulmonary bypass. 
A-factors related to operating staff; 
      These included surgeons, assistants and scrub nurses. Each 
individual has his or her own symbol.  (Table 15 and Fig. 7, 8). 
      The assessment of the outcome of the each surgeon 
separately is beneficial because the most appropriate use of 
collected surgical site infection data is timely feedback to practicing 
surgeons and healthcare workers, as this leads to increased 
awareness and knowledge about their patients and a more 
structured management.  
Two doctors assisted in the majority of the operations (59 & 60 
operations each). (Table 16, 17 and Fig 9, 10). 
The same thing was applied to the scrub nurses. (Table 18 and 
Fig. 11). 
b- Factors related to cardiopulmonary bypass. 
Which include duration & the time of the bypass, arterial 
pressure, and partial pressure of oxygen (PO2), temperature and 
hemoglobin (HB). 
 
     The duration of bypass was divided to: first two hours, 
second two hours and third two hours, the rate of infection raised 
significantly after four hours of bypass to reach 50% whereas it was 
12% and 7% in the first two hours and second two hours 
respectively.  (Table 19, 20).  
   There was a slight non significant increase in the infections in 
those whose bypass started in the afternoon time (26.7%) rather 
than morning (21.1%). (Table 19) 
   After recording the arterial pressure as < or > 80 mmhg the 
infection rate are 17.6% and 25% respectively.  (Table 21). 
The interesting finding in this study was about partial pressure 
of oxygen (PO2). The rate of infections increased progressively with 
a significant (P = 0.03) as the PO2 increased. After recording of the 
PO2 to <110, 110-220, 221-330, 331-440 & > 440 mmHg ,the rate of 
complication were zero, zero, 25%, 34.4% &33.3% respectively 
(Table 22, 23 and Fig 12). There was no infection at all with PO2 
less than 220 mmhg with a significant chi-square (P = 0.003).  
(Table 24, 25 and Fig. 13) 
   The temperature during bypass also was recorded into 
normothermic (>35 c), subthermic (30-35 c) and hypothermic (<30 
c).Surprisingly the rate of infections was nearly the same in both 
normothermic and hypothermic group (28%) whereas subthermic 
has the least infectious rate (21%).  (Table 26). 
    Lastly the Hemoglobin values during bypass were recorded to 
three groups; <11g/d, 11-14 g/d & >14 g/d). The best result was 
when the hemoglobin was between 11-14 g/d (only 13%). (Table 27 
and Fig 14). 
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Descriptive Statistics
88 91 520 307.93
89 34 1241 154.87
89 57 133 96.37
85 11 220 90.99
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Table (1) Some of the intraoperative values 
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Fig. (1) Distribution of surgical wound infection (%) in patients 
studied. 
 
 Table (2) The count & percentage of infections/ months 
 
 
Table (3) Comparison between the first four& last two months 
regarded infections. 
 
8.932 1 .003
7.539 1 .006
8.748 1 .003
.004 .003
104
Pearson Chi-Square
Continuity Correction
Likelihood Ratio
Fisher's Exact Test
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
Exact Sig.
(2-sided)
Exact Sig.
(1-sided)
 
Table (4) Significance of the difference between the first four & 
last two months regarding infections. 
 
 
 
Table (5) Comparing between the first & last three months 
regarded infections. 
 
Chi-Square Tests
3.489 1 .062
2.641 1 .104
3.710 1 .054
.089 .049
104
Pearson Chi-Square
Continuity Correction
Likelihood Ratio
Fisher's Exact Test
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
Exact Sig.
(2-sided)
Exact Sig.
(1-sided)
 
Table (6) Significance of the difference   between the first & last 
three months regarded infections. 
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Fig. (2) Increasing % of infections along months 
 
Table (7) Incidence of infections in relation to body mass index 
(BMI) 
 
Chi-Square Tests
5.870a 3 .118
7.772 3 .051
104
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
6 cells (75.0%) have expected count less than 5. The
minimum expected count is 1.11.
a. 
 
Table (8) Near significant P value of incidence of infections in 
relation to body mass index (BMI) 
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  Fig. (3) Showing the percentage of infections in relation to 
body mass index (BMI) 
 
 
 Table (9) Rate of infections in different age groups 
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Fig. (4) Rate of infections in different age groups 
 
 
 
 Table (10) Numbers and percentage of infections in both sex 
 
 
 
 
Fig. (5)  Percentage of infections in both sex 
 
 Table (11) Incidence of sternal wound complications after 
cardiac surgery by type of procedure 
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Fig. (6) The percentage of infections of different surgical 
procedures. 
 
 
 
 
 Table (12) Higher rate of infection after redo as compared to 
other new cases 
 
 
 
 
 
 
 
Chi-Square Tests
6.558 1 .010
3.805 1 .051
5.213 1 .022
.035 .035
Pearson Chi-Squar
Continuity Correctio
Likelihood Ratio
Value df
Asymp. Sig.
(2-sided)
Exact Sig.
(2-sided)
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(1-sided)
 
Table (13) Significant P value regarding infection after 
reoperation as compared to other new cases 
 
 
 
 
Table (14) Relation between blood groups and complications. 
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Fig. (7) Percentage of operations done by surgeons. 
 
 
 
 
 
Table (15) Numbers & percentage of infection to normal cases 
for each surgeon. 
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Fig. (8) No. of infection & normal cases for each surgeon. 
 
 Table (16) Number and percentage of operation done or assisted 
by assistant 1 (noted as yes) & the rate of infections. 
 
 
 
 
 
 
Fig. (9)  Percentage of operation done or assisted by assistant 1 
& the rate of infections. 
 
 
 
 
 
 Table (17) Number and percentage of operation assisted by 
assistant 2 (noted as yes) & the rate of infections. 
 
 
 
 
 
 
 
 
 
 
Fig. (10) Number of operation assisted by assistant 2 & the rate 
of infections. 
 
 Table (18) Numbers & percentage of infection to normal cases 
for each scrub nurse 
 
 
 
 
Fig. (11) Numbers of infection & normal cases for each scrub 
nurse 
 
 Table (19) Recorded bypass time in two hours intervals in 
relation to rate of infections. 
 
 
 
 
 
 
Table (20) Starting bypass was before 12:00 (am) or after 12:00 
(pm) & the rate of infections. 
 
 
 Table (21) Recorded arterial pressure during bypass time to two 
levels in relation to rate of infections. 
 
 
Table (22) Recorded partial pressure of oxygen (PO2) during 
bypass time in relation to rate of infections. 
 
Chi-Square Tests
8.871a 5 .114
12.352 5 .030
104
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
6 cells (50.0%) have expected count less than 5. The
minimum expected count is .66.
a. 
 Table (23) Significant p value for recorded partial pressure of 
oxygen (PO2) during bypass time to five serial values in relation 
to rate of infections. 
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Fig. (12)  Showing increasing rate of infections as the partial 
pressure of oxygen (PO2) increased during bypass time. 
 
 Table (24) Comparing partial pressure of oxygen (PO2) above & 
below 220 mmhg during bypass time in relation to rate of 
infections. 
 
 
 
Chi-Square Tests
7.981a 2 .018
11.615 2 .003
104
Pearson Chi-Square
Likelihood Ratio
N of Valid Cases
Value df
Asymp. Sig.
(2-sided)
2 cells (33.3%) have expected count less than 5. The
minimum expected count is 3.54.
a. 
 
Table (25) Significant P value for recorded partial pressure of 
oxygen (PO2) to < and >220 mm Hg during bypass time in 
relation to rate of infections 
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Fig. (13)  Comparing partial pressure of oxygen (PO2) above & 
below 220 mmHg during bypass time in relation to rate of 
infections 
 
 Table (26) Recorded temperatures during bypass time into 
normothermic (>35 c), subthermic (30-35 c) and hypothermic 
(<30 c) and the incidence of infections 
 
 Table (27) Relation of the number and percentage of infections 
to three different recorded values of intraoperative hemoglobin. 
 
 
 
Fig. (14) Relation of the number and percentage of infections to 
three different recorded values of intraoperative hemoglobin. 
 
 
Chapter four 
 
 
 
Discussion 
 
 
 
 
 
 
 
 
 
 DISCUSSION 
1-Explanations:     
 The risk factors we found in this study are mainly related to the 
patient and intraoperative factor. In our retrospectively evaluated 
series of patients the overall occurrence of 22% of wound infections 
seems to be high. The relatively high rate of this complication can 
be attributed to several risk factors: 
1. Visitor Teams: higher rate of infections were from the visitor 
teams or persons  
2. Relative visitors to patients: increased specially after 
changing of the security company at the end of April. 
3. Operation Numbers: gradually increased annually. (Table 
28) 
4. Iodine based scrub: wasn’t used for the last   months.  
5. Cleaning: the company which was in charge of cleaning and 
the protocol were changed. 
 
  
2- Independent Predictors for infection:  
   Risk factor identification permits the assessment of factors that 
may be modifiable. The risk factors for sternal wound infection 
identified in this study were body mass index  (BMI), high partial 
pressure of oxygen(PO2),duration of bypass more than four hours, 
redo, both low and high hemoglobin(<11&>14g/d). 
Several studies have identified obesity as a risk factor for sternal 
wound infections.4, xxxvi This finding concurs with the observations by 
Kuduvalli 36 and Birkmeyer xxxvii , which have both shown that the 
risks of sternal wound infection were substantially increased in the 
obese and severely obese. Moulton et al. in a study of 2299 cardiac 
surgery patients, found an association with obese patients being 2.3 
times more likely to develop superficial sternal wound infections 
xxxviii. Ridderstolpe and colleagues, in a more recent study involving 
over 3000 patients, showed a similar relationship with obese 
patients being 2.1 times more likely to have sternal wound 
infections4. In our study, when the BMI was more than 30, the rate 
of infection was more than 50%.i.e.the obese patients were 2.26 
times more likely to develop sternal wound infections. 
  Underweight patient have impaired immunity and associated 
malnutrition which impairs wound healing. High PO2 may prepare a 
good media for bacterial growth by making use of extra oxygen or 
systemic hyper oxygenation causes vasoconstriction which results 
in inadequate arrival of the immune cells to the wound. 
3- Strategies to reduce the rate of sternal wound 
infection 
   The prevention of sternal wound infections is of great importance, 
and the preventing process starts with the identification of patients 
at high risk and risk factor modification when possible. However, 
most risk factors for sternal wound infections are not amenable to 
modification.xxxix  
4- Limitations of the Study 
Our study was done in a single-center. 
The number of the patients and duration of the study was limited. 
The number of infections, as in most previous studies,xl,xli, 12, 14,15 
was small. 
We couldn’t reach all the patients who underwent operation (154) 
within this period. We expect them to be normal as no centre will 
receive and manage these complications. So if they were included it 
would change the rate of infections from (23/104*100=22%) to   
(23/{154-8}*100=15.7%). 
*[8=dead patients not related to deep sternal wound infections]. 
 
Conclusion  
  Although after open-heart surgery the occurrence of wound 
infection remains an ongoing problem, certain risk factors were 
statistically significant in determining the rate of infection. These 
were high and low Body Mass Index, Redo surgery, high PO2, 
prolonged duration of bypass and low and high hemoglobin  
Modifying when possible for such risk factors will hopefully 
prevent infection- a less costly scenario than treatment and 
potentially live saving. 
 
 
 
 
 
 
 
Recommendations 
• Solve the four solvable points of the five points already 
mentioned above i.e. limitation of visitors to ITU, Decreasing crowd 
ness I the theatre, resume iodine based scrub and revision of 
cleaning and sterilization policy.  
• More care is needed perioperatively for the high risk patients 
according to above risk factors (viz. obese, underweight, redo 
surgery, CABG, prolong bypass, high PO2 during bypass, and both 
high and low HB).   
• For overcoming the above limitations larger and more specific 
databases and a multi-institutional approach may be necessary in 
order to develop a risk model to identify the high-risk patient. 
• We should pay attention to any future infection, document it and 
we hope that we can conduct another study for the next half of this 
year to compare the two result and assess the role of the changes. 
• No bacteriological studies were done to verify infection and 
causative organism. Although samples were taken from different 
points during that time revealed seven colonization in the theatre 
and three in the ITU most of them were klebsella specious. 
 
 
 
                                                 
References 
 
                                                                                                                                                 
1. Julian OC, Lopez-Belio M, Dye WS, Javid H, Grove WJ.  The 
median sternal incision in intracardiac surgery with 
extracorporeal circulation: a general evolution of its use in heart 
surgery. Surgery 1957; 42: 753–761.  
2. Jinno T, Yamane M, Tago M, Nakagawa J. Management of 
sternal dehiscence following median sternal wound: modified 
Robicsek technique for sternal dehiscence. Kyobu Geka 1997 
Nov; 50(12):1009-12. 
3. Denny TI, Park SB, Laster GA. Recent experience with major 
sternal wound complications. Ann Thorac Surg 1990; 49: 458–
62.  
4. Ridderstolpe L, Gill H, Granfeldt H, Ahlfeldt H, Rutberg H. 
Superficial and deep sternal wound complications: incidence, 
risk factors and mortality. Eur J Cardiothorac Surg 2001; 
20:1168-175.   
5. Loop FD, Lytle BW, Cosgrove DM et al. Sternal wound 
complications after isolated coronary artery bypass grafting: 
early and late mortality, morbidity, and cost of care.  Ann 
Thorac Surg  1990; 49: 179–87.  
                                                                                                                                                 
6. Stahle E, Tammelin A, Bergstrom R, Hambreus A, Nystrom SO, 
Hansson HE. Sternal wound complications – incidence, 
microbiology and risk factors. Eur J Cardiothorac Surg 1997; 
11: 1146–153.  
7. Ottino G, DePaulis R, Pansini S et al. Major sternal wound 
infection after open-heart surgery: A multivariate analysis of risk 
factors in 2579 consecutive operative procedures. Ann Thorac 
Surg 1987; 44: 173–79.   
8. Borger MA, Rao V, Weisel RD et al.   Deep sternal wound 
infection: risk factors and outcomes. Ann Thorac Surg   1998; 
65:1050–056.  
9. Culliford AT, Cunningham JN, Zeff RH et al. Sternal and 
costochondral infections following open-heart surgery: a review 
of 2594 cases. J Thorac Cardiovasc Surg 1976; 72:  714–26.  
10. The Parisian Mediastinitis Study Group, Risk factors for deep 
sternal wound infection after sternotomy: a prospective, 
multicentre study. J Thorac Cardiovasc Surg 1996; 111: 1200– 
207.  
                                                                                                                                                 
11. Hollen Beak, CS, Murphy DM, Koenig S. The clinical and 
economic impact of deep chest surgical site infections following 
coronary artery bypass graft surgery. Chest 2000; 118:397-402. 
12. Noyez, L, van Druten JA, Mulder J. Sternal wound 
complications after primary isolated myocardial 
revascularization: the importance of the post-operative 
variables. Eur J Cardiothorac Surg 2001; 19:471-76.  
13. Pevni, D, Mohr R, Lev-Run O. Influence of bilateral 
skeletonized harvesting on occurrence of deep sternal wound 
infection in 1,000 consecutive patients undergoing bilateral 
internal thoracic artery grafting. Ann Surg 2003; 237:277-80. 
14. Slaughter MS, Olson MM, Lee JT Jr. A fifteen-year wound 
surveillance study after coronary artery bypass. Ann Thorac 
Surg 1993; 56:1063-68. 
15. Zacharias A, Habib RH. Factors predisposing to median 
sternotomy complications: deep vs superficial infection. Chest 
1996; 110:1173- 178. 
16. Gaynes R, Marosok R, Mowry-Hanley J. Mediastinitis following 
coronary artery bypass surgery: a 3-year review. J Infect Dis 
1991; 163:117-21. 
                                                                                                                                                 
17. National Nosocomial Infections Surveillance (NNIS) System 
report: data summary from October 1986-April 1998; issued 
June 1998. Am J Infect Control 1998; 26:522–33. 
18.   L’Ecuyer PB, Murphy D, Little JR.  The epidemiology of chest 
and leg wound infections following cardiothoracic surgery. Clin 
Infect Dis 1996; 22: 424-29. 
19.   Lazar HL, Fitzgerald C, Gross S.  Determinants of length of 
stay after coronary artery bypass graft surgery. Circulation 
1995; 92: II20-I24. 
20. Zoutman D, McDonald S, Vethanayagan D. Total and 
attributable costs of surgical-wound infections at a Canadian 
tertiary-care center. Infect Control Hosp Epidemiol 1998; 
19:254-59. 
21.  
22. Roy MC. Surgical-site infections after coronary artery bypass 
graft surgery: discriminating site-specific risk factors to improve 
prevention efforts. Infect Control Hosp Epidemiol 1998; 19:229-
33. 
                                                                                                                                                 
23. Kollef MH, Sharpless L, Vlasnik J. The impact of nosocomial 
infections on patient outcomes following cardiac surgery. Chest 
1997; 112: 666- 75. 
24. Jonkers D, Elenbaas T, Terporten P, Nieman F, Stobberingh E.  
Prevalence of 90-days postoperative wound infections after 
cardiac surgery. Eur J Cardiothorac Surg   2003; 23: 97–102.  
25. Ulicny KS, Jr S, Hiratzka LF. The risk factors of median sternal 
wound infection: a current review. J Card Surg 1991; 6:  338–
51.  
26. Mangram AJ, Horan TC, Pearson ML, Silverthe LC.  Hospital 
Infection Control Practices Advisory Committee and WR Jarvis, 
Guideline for prevention of surgical site infection, 1999. Infect 
Control Hosp Epidemiol 1999; 20: 247–78.  
27.   Vuorisalo S, Haukipuro K, Pokela R, Syrjälä H.  Risk features 
for surgical-site infections in coronary artery bypass surgery. 
Infect Control Hosp Epidemiol  1998; 16: 240–47.    
28.   Tegnell A, Arén C, Öhman L.  Coagulase-negative 
staphylococci and sternal infections after cardiac operation. 
Ann Thorac Surg 2000; 69: 1104–109.  
                                                                                                                                                 
29. Lisa R, Hans G, Hans G, Hans Å, Hans R.  Superficial 
and deep sternal wound complications: incidence, risk factors 
and mortality. Swed Euro J  Card Thor Surg   2001; 20: 1168-
175.  
30.  
31. Huddleston CB. Mediastinal wound infections following 
pediatric cardiac surgery. Div Cardiothoracic Surg 2003; 6: 250-
66.    
32. Boyce JM, Potter-Bynoe G, Dziobek L. Hospital reimbursement 
patterns among patients with surgical wound infections 
following open heart surgery. Infect Control Hosp Epidemiol 
1990; 11: 89-93.  
33. Nelson RM, Dries DJ. The economic implications of infection in 
cardiac surgery. Ann Thorac Surg 1986; 42: 240-46. 
34. Taylor GJ, Mikell FL, Moses HW.  Determinants of hospital 
charges for coronary artery bypass surgery: the economic 
consequences of postoperative complications. Am J Cardiol 
1990; 65: 309-13.  
35. Pinner RW, Haley RW, Blumenstein BA. High cost nosocomial 
infections. Infect Control 1982; 3:143-49.  
                                                                                                                                                 
36.  Jarvis WR. Selected aspects of the socioeconomic impact of 
nosocomial infections: morbidity, mortality, cost, and 
prevention. Infect Control Hosp Epidemiol 1996; 17: 552-57.  
37. Horan TC, Gaynes RP, Martone W J, Jarvis WR, Emori T G. 
CDC definitions of nosocomial surgical site infections, 1992: a 
modification of CDC definitions of surgical wound infections. 
Am J Infect Control   1992; 20: 271–74.  
38. Kuduvalli M, Grayson AD, Oo AY, Fabri BM, Rashid A. 
Risk of morbidity and in-hospital mortality in obese patients 
undergoing coronary artery bypass surgery. Eur J Cardiothorac 
Surg 2002; 22:  787–93. 
39.  
40. Birkmeyer NJO, Charlesworth DC, Hernandez F et al.  
Cardiovascular Disease Study Group Obesity and risk of 
adverse outcomes associated with coronary artery bypass 
surgery. Circulation 1998; 97:1689–94. 
41.  
42. Moulton MJ, Creswell LL, Mackey ME, Cox JL, Rosenbloom M. 
Obesity is not a risk factor for significant adverse outcomes 
after cardiac surgery. Circulation 1996; 94; II87–I92. 
                                                                                                                                                 
43. Baskett RJ, MacDougall CE, Ross DB. Is mediastinitis a 
preventable complication? A 10-year review. Ann Thorac Surg 
1999; 67: 462-65. 
44. Olsen MA, Lock-Buckley P, Hopkins D. The risk factors for 
deep and superficial chest surgical-site infections after coronary 
artery bypass graft surgery are different. J Thorac Cardiovasc 
Surg 2002; 124:136-45.  
45. Trick WE, Scheckler WE, Tokars JI. Modifiable risk factors 
associated with deep sternal site infection after coronary artery 
bypass grafting. J Thorac Cardiovasc Surg 2000;119: 108-14 
